INTRODUCTION
============

Chronic bacterial prostatitis is the most common cause of recurrent urinary tract infections in males. It is known that up to half of all men suffer from symptoms of prostatitis at some point in their lives. Chronic bacterial prostatitis is characterized by recurrent urinary tract infections and the persistence of pathogenic bacteria in the prostatic fluid \[[@B1]\]. In general, fluoroquinolone is recommended as the drug of choice because it covers the bacterial spectrum of chronic bacterial prostatitis and penetrates best into the prostatic compartments. However, its long-term efficacy is poor because bacterial pathogens are protected from antibiotics by aggregating in microcolonies or biofilms localized to the affected prostatic duct \[[@B2][@B3]\]. Chronic bacterial prostatitis is also treated using α-blockers and anti-inflammatory agents,but no definitive cure exists.

Alternative medical therapies and phytotherapies are gaining popularity, and these treatments are often first-line therapies for various chronic medical conditions in Europe and Asia. Cernilton (bee pollen extract), quercetin, cranberry juice, and zinc are typical examples \[[@B4]\].

Evidence increasingly indicates that inflammation plays an important role in chronic prostatitis (CP) \[[@B5]\]. Thus, levels of proinflammatory cytokines are associated with prostatitis. Herbal formulas such as *Corni fructus*, *Angelica gigantis radix*, *Lycii fructus*, *Cervi parvum cornu*, *Ginseng radix rubra*, and *Cassiae cortkex* are widely known nutrient tonics in the general population. Their extracts, individually or in combination, have been shown to have anti-inflammatory effects \[[@B6][@B7][@B8][@B9][@B10]\]. The aim of this study was to investigate the anti-inflammatory and anti-oxidative effects of a multi-herbal formula known as WSY-1075 in the treatment of chronic bacterial prostatitis in a rat model.

MATERIALS AND METHODS
=====================

1. Preparation of the herbal formula (WSY-1075)
-----------------------------------------------

The herbal formula used in our study was WSY-1075. The major ingredients of WSY-1075 were obtained from 6 plants: 25% *C. fructus*, 25% *A. gigantis radix*, 25% *L. fructus*, 10% *C. parvum cornu*, 10% *G. radix rubra*, and 5% *C. cortkex*. A mixture of the dried seeds of the 6 plants was extracted with tap water (0.25 g/mL) for 3 hours by boiling. The extracts were filtered and concentrated in vacuo and then lyophilized. A venture company, Korea Bio Medical Science Institute Co. Ltd., Andong, Korea, which is developing oriental herbal medicines, developed this product as a health supplement.

2. Animals and treatment
------------------------

The experimental animals (12-week-old male Wistar rats) were purchased from Samtaco Bio, Co. (Osan, Korea). The rats were housed in an animal room maintained at a constant temperature and humidity with a 12-hour light/dark cycle. The treatment protocols were approved by the Institutional Animal Care and Use Committee (CUMC-2015-0155-01) and handled according to National Institute of Health (NIH) guidelines.

Thirty-two male Wistar rats were used in the study. Experimental chronic bacterial prostatitis was induced by the instillation of a bacterial suspension (*Escherichia coli*, 10^8^ colony-forming units \[CFU\]/mL) into the prostatic urethra. Previous studies have suggested that intraurethral inoculation is the best method of producing bacterial prostatitis in rats \[[@B11]\].

The experimental animals were anesthetized with ether, the genital area was sterilized with 70% alcohol, a sterile polyethylene tube (outer diameter of 0.9 mm, 2.5 cm long) was inserted into the urethra, and 0.2 mL of an *E. coli* Z17 suspension (O2:K1:H^−^, 10^8^ CFU/mL) \[[@B12]\] was injected into the prostatic urethra using insulin syringes. Sufficient time for the bacteria to infiltrate to the inside of the prostate was ensured by preventing the excretion of urine through maintenance of anesthesia for 1 hour.

Four weeks after the induction of bacterial prostatitis, prostate tissue culturing was performed and the presence of *E. coli* was confirmed. The rats were randomly divided into one of 4 treatment groups: control (phosphate buffered saline \[PBS\]) (n=8), ciprofloxacin (n=8), WSY-1075 (400 mg/kg) (n=8), and WSY-1075 (400 mg/kg)+ciprofloxacin (n=8). The rats received the treatments through an orogastric tube once a day for 4 weeks. The PBS group was administered 1 g of PBS, and 2.5 mg/kg of ciprofloxacin diluted in 1 mL distilled water was administered to the ciprofloxacin groups once per day. After treatment, all rats were anesthetized using ketamine (50 mg/kg) and xylazine (12 mg/kg). The prostate was excised and the prostate capsule was meticulously removed in order to obtain only the prostate glands.

3. Pro-inflammatory cytokine analysis
-------------------------------------

To investigate anti-inflammatory effects, levels of the tumor necrosis factor \[TNF\]-α, interleukin \[IL\]-6 and IL-8 cytokines were analyzed using enzyme-linked immunosorbent assays (ELISA). Blood obtained before sacrifice was centrifuged for 10 minutes (3,000 rpm, 4℃), and the supernatant was immediately transferred to a tube. The cytokine concentration was measured every 5 minutes for 30 minutes, using a spectrophotometer at 450 nm with an immunoassay ELISA kit (R&D Systems, Minneapolis, MN, USA) according to the manufacturer\'s protocol.

4. Superoxide dismutase analysis
--------------------------------

Superoxide dismutase (SOD) is an enzyme that alternately catalyzes the dismutation (or partitioning) of the superoxide radical into either ordinary molecular oxygen or hydrogen peroxide. SOD activity (CuZnSOD and Mn SOD) was measured using the SOD Assay Kit-WST (Dojindo, Kumamoto, Japan), monitoring the decrease in the rate of superoxide-mediated reduction of nitroblue tetrazolium at 450 nm using a spectrophotometer. Malondialdehyde (MDA) assessment of the peroxidation reaction products generated by free radicals was performed with the double-heating method described by Draper and Hadley \[[@B13]\]. The method is based on the principle of producing maximum absorbance at a 532-nm wavelength by reacting MDA, which is the final product in fatty acid peroxidation with thiobarbituric acid \[[@B13]\].

5. Histopathological analysis
-----------------------------

Random blocks of the prostates from each group were fixed in 10% buffered formalin. The samples were embedded in paraffin, stained with H&E, and examined with a light microscope.

6. Statistical analysis
-----------------------

SPSS ver. 12.0 for Windows (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. Statistical significance was analyzed using the Mann-Whitney U-test and p\<0.05 were considered to indicate statistical significance.

RESULTS
=======

1. Microbiological data of prostate tissue culture
--------------------------------------------------

Significant differences were found in all 3 treatment groups compared to the control group (p\<0.05). Both the ciprofloxacin group and the WSY-1075 group showed significantly fewer CFUs than the control group. The WSY-1075+ciprofloxacin group showed the fewest CFUs ([Table 1](#T1){ref-type="table"}).

2. Pro-inflammatory cytokine levels
-----------------------------------

To investigate the effects of WSY-1075 on chronic bacterial prostatitis, levels of the inflammatory cytokines TNF-α, IL-6, and IL-8 were analyzed using. The WSY-1075 group, ciprofloxacin group, and WSY-1075+ciprofloxacin group showed significantly lower pro-inflammatory cytokine TNF-α levels than the control (PBS) group (69.71 pg/mL, 50.28 pg/mL, and 34.47 pg/mL vs. 100.13 pg/mL) (p=0.028, p=0.028, p=0.09, respectively). Moreover, the WSY-1075+ciprofloxacin group showed significantly lower TNF-α levels than the ciprofloxacin group (p=0.028) ([Fig. 1](#F1){ref-type="fig"}). Levels of the pro-inflammatory cytokine IL-6 in the WSY-1075, ciprofloxacin, and WSY-1075+ ciprofloxacin groups were significantly lower than in the control group (32.32 pg/mL, 22.15 pg/mL, and 14.24 pg/mL, respectively, vs. 45.00 pg/mL) (p=0.028, p=0.009, p=0.009, respectively). Additionally, the WSY-1075+ciprofloxacin group had significantly lower IL-6 levels than the ciprofloxacin group (p=0.047) ([Fig. 2](#F2){ref-type="fig"}). Levels of the pro-inflammatory cytokine IL-8 in the WSY-1075, ciprofloxacins and WSY-1075+ciprofloxacin group were significantly lower than in the control group (45.96 pg/mL, 32.13 pg/mL, and 20.7 pg/mL, respectively, vs. 60.05 pg/mL) (p=0.047, p=0.009, and p=0.009, respectively). Additionally, the WSY-1075+ciprofloxacin group showed significantly lower IL-8 levels than the ciprofloxacin group (p=0.047) ([Fig. 3](#F3){ref-type="fig"}).

3. Comparison of oxidative stress
---------------------------------

The SOD levels of the WSY-1075, ciprofloxacin, and WSY-1075+ciprofloxacin groups were significantly higher than in the control group (40.92 µg/mL, 45.67 µg/mL, and 59.85 µg/mL, respectively, vs. 25.68 µg/mL) (p=0.076, p=0.076, p=0.009). Additionally, the WSY-1075+ciprofloxacin group showed significantly higher SOD levels than the ciprofloxacin group (p=0.028) ([Fig. 4](#F4){ref-type="fig"}).

4. Histopathology
-----------------

The control group showed extensive infiltration of inflammatory cells, including neutrophils, lymphocytes, and macrophages, as well as degeneration of glandular epithelial cells, suggesting the presence of bacterial prostatitis. In the ciprofloxacin-treated group and the WSY-1075-treated group, fewer inflammatory cells were found in the lumina, and the epithelial cells of the gland were improved compared to the control group. The WSY-1075+ciprofloxaxin group showed a nearly normal appearance of the glandular epithelium, with less infiltration of inflammatory cells ([Fig. 5](#F5){ref-type="fig"}).

DISCUSSION
==========

The pathophysiology of human bacterial prostatitis is thought to be associated with retrograde bacterial ascent from infected urine secondary to some form of intraprostatic ductal reflux. We consider the reproducible rat model used in this study to have many similarities to the natural history of human chronic bacterial prostatitis. This experimental animal model has been recognized as a chronic bacterial prostatitis animal model by many previous authors \[[@B3]\].

In this study, we demonstrated that WSY-1075 had an antimicrobial effect, an anti-inflammatory effect, and an antioxidative effect. All these results had a synergic effect when used with ciprofloxacin. WSY-1075 is composed of *C. fructus*, *A. gigantis radix*, *L. fructus*, *C. parvum cornu*, *G. radix rubra*, and *C. cortkex* \[[@B8][@B9][@B14][@B15][@B16]\].

In the 1990s, the NIH established a classification system for prostatitis that comprises infectious forms (acute and chronic), chronic pelvic pain syndrome (CPPS), and asymptomatic prostatitis \[[@B17]\]. Approximately 10% of men who suffer an episode of acute bacterial prostatitis go on to suffer chronic bacterial prostatitis, and similarly, 10% progress to CP/CPPS \[[@B18]\]. CPPS accounts for most of the prostatitis-like symptoms. The symptoms experienced by men with chronic bacterial prostatitis do not necessarily differ from those with CP/CPPS \[[@B19]\]. The etiology of CP/CPPS has not been conclusively elucidated, and non-curative but efficacious treatments exist. Antibiotics including fluoroquinolones, α-blockers and anti-inflammatory agents are used as first-line and second-line therapies. Third-line therapies include 5α-reductase inhibitors, saw palmetto, quercetin, tricyclic antidepressants, phosphodiesterase inhibitors, and glycosaminoglycans, but the evidence for their efficacy is only level III\~IV \[[@B20]\]. Alternative medical therapies and phytotherapies are gaining popularity and these treatments are often first-line therapies for various chronic medical conditions in Europe and Asia. Quercetin has anti-inflammatory and anti-oxidant mechanisms. Cranberry juice reduces bacterial adherence, and zinc has an anti-microbial mechanism \[[@B4]\].

Evidence increasingly suggests that inflammation plays an important role in CP. \[[@B5]\]. Inflammation can lead to chronic prostatic diseases, such as CP and benign prostatic hyperplasia (BPH) \[[@B21][@B22]\]. Therefore, pro-inflammatory cytokines are closely related to chronic prostatic diseases. IL-6 and IL-8 concentrations are elevated in CP patients, and IL-8 also may be a key mediator of CP/CPPS and BPH \[[@B23]\]. We suggest that the anti-inflammatory effect of WSY-1075 can be helpful for not only chronic bacterial prostatitis, but also other forms of CP/CPPS and BPH. Yoon et al \[[@B24]\] have demonstrated that WSY-1075 had anti-inflammatory effects in a non-bacterial prostatitis rat model.

WSY-1075 also showed an anti-oxidative effect in our study. Oxidative stress and oxidative damage are closely involved in the course of CP \[[@B25]\] and BPH. In CP, inflammatory reactions lead to the presence of many inflammatory cells and inflammatory mediators, causing abnormal metabolism of the hypoxanthine/xanthine oxidase system and the xanthine/xanthine oxidase system, producing many abnormal metabolites. These reactions also activate and release cyclooxygenase-2, transcription factor nuclear factor-kappa B and inflammatory oxidants. They release free radicals and reactive oxygen species. Excessive free radicals and reactive oxygen species can interact directly with and damage DNA \[[@B25]\]. Increased oxidative DNA damage is also present in BPH and plays a role in tissue proliferation \[[@B26]\].

We analyzed serum levels of anti-inflammatory cytokines and SOD, similarly to previous studies of WSY-1075 \[[@B24][@B27]\]. This may be the principal limitation of this study. In subsequent research, we will analyze cytokines not only in the serum but also in the prostatic tissue. The small number of animals (n=8 in each group) is also a limitation of this study.

In this study, we demonstrated the effectiveness of WSY-1075 in a chronic bacterial prostatitis rat model. However, we additionally expect that WSY-1075 may be useful for all kinds of chronic prostatic diseases with mechanisms involving oxidative effects, including CP/CPPS.

CONCLUSIONS
===========

The results of our study indicate that the herbal formula WSY-1075, which was prepared from a mixture of *C. fructus*, *A. gigantis radix*, *L. fructus*, *C. parvum cornu*, *G. radix rubra*, and *C. cortkex*, had anti-inflammatory and anti-oxidative effects in a chronic bacterial prostatitis rat model. We expect that WSY-1075 may be useful for the clinical treatment of chronic bacterial prostatitis.
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![Histopathologic findings of the prostate in each group (H&E, ×100). The ciprofloxacin group and the WSY-1075 group showed fewer inflammatory cells in the lumina, and improved epithelial cells in the gland compared to the PBS group. WSY-1075+ciprofloxaxin group showed a nearly normal appearance of the glandular epithelium with less infiltration of inflammatory cells. PBS: phosphate-buffered saline.](wjmh-34-179-g005){#F5}

###### Comparison of prostate tissue culture after treatment of each group

![](wjmh-34-179-i001)

  Group                    Mean log CFU/g   SD
  ------------------------ ---------------- ----------
  PBS                      2.857            0.372
  WSY-1075                 2.127^a^         0.142^a^
  Ciprofloxacin            1.533            0.193
  WSY-1075+ciprofloxacin   1.307^b^         0.032^b^

CFU: colony-forming unit, SD: standard deviation, PBS: phosphate-buffered saline.

^a^p\<0.05, compared with the control group; ^b^p\<0.05, compared with the ciprofloxacin group.
